The aroma profile of "tiger nut beverage" (orxata de xufla) was investigated by headspace solidphase micro-extraction (HS-SPME) combined with gas chromatography-mass spectrometry (GC-MS). Polidimethilsiloxane/divinylbenzene (PDMS/DVB), carboxen/polydimethylsiloxane (CAR/ PDMS), polyacrylate (PA) and divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) fibers were tested and compared for sensitivity beyond conditions that might affect the SPME procedure, such as temperature, concentration of ions and sample volume. The SPME fiber coated with DVB/CAR/PDMS presented the most efficient extraction compounds from the headspace of the product, particularly when the volatiles were extracted at 60˚C with 2 mL of the sample volume. The addition of salt did not show any significant advantage for the qualification of the volatile fraction. Eighty-three compounds were identified or tentatively identified by GC-MS, being terpenes the most abundant group.
Introduction
Nowadays, vegetal beverages are widely present in the European markets as a good alternative to cow milk. Their interest lies in lactose intolerant people or who is allergic to milk's proteins. Although these beverages are not nutritionally comparable with milk, they have been promoted as healthy foods, due to their properties and benefits against different human diseases [1] .
Tiger nuts are nutritious tubers, which are widely cultivated across the Mediterranean areas as livestock food and for human consumption. In Spain, the economic importance of tiger nuts crop lies in the production of "orxata de xufla", a nutritious milky-like product mechanically obtained from the healthy, mature and selected tiger nuts. The tiger nut production in Spain was close 8 tonnes in 2010 [2] , and according to an industrial production survey, 40 to 50 million liters of tiger nuts milk are manufactured every year, representing a retail market value of approximately 60 million euro [3] .
The first step of tiger nut beverage production corresponds to the soaking of tubers. Then, soaked tiger nuts and water are ground, and the mixture is left to macerate, press and filter for obtaining the milky product. Finally, between 100 and 120 g/L of sugar is added [4] . Tiger nut beverage is an energetic drink rich in starch and fat. It is also considered as a healthy and nourishing food; its profile is rich in oleic (75% of total fat) and linoleic acid (9% to 10% of total fat), and in addition to this, the essential amino acids in this beverage are higher than the amount in the model protein proposed for adults by the FAO/OMS [5] . Therefore, this product has a great potential in the food market, limited only by its very short shelf-life. Thermal processing is undoubtedly the most common method used to extend shelf-life by reducing microbial numbers and enzyme activity. Most commercial tiger nut beverages are subjected to a process technology that suppresses or transforms its starch content, and then they are treated with heat treatments (e.g., UHT) and packaged aseptically. Other kinds of tiger nut beverages are pasteurized tiger nut beverages, which have been subjected to thermal treatment below 72˚C without addition of additives or processing aids. UHT tiger nut beverages presented a longer life than the pasteurized, and both were longer than traditional beverages, which were quickly sold after production and maintained under refrigeration conditions.
Aroma is a key determinant of quality and is a function of the volatile profile of a foodstuff. The chemical changes induced by processing and post-production alter the sensory profile of its specific components [6] and could initiate reactions that result in the formation of off-flavours [7] , modifying the sensory perceptions of a freshly prepared product.
Solid-phase microextraction (SPME) has been reported to be relatively cheap, solventless, fast and reproducible, and it also eliminates problems associated with chemically and thermally instable samples [8] . SPME with gas chromatography-mass spectrometry (GC-MS), has been largely used for the determination of volatile compound profile in different foodstuff [9] .
The objective of this work was the optimization of a method based on HS-SPME/CG-MS to describe qualitatively the volatile compounds of "tiger nut beverage". The parameters studied were four types of SPME fibers, coated with different stationary phases [PDMS/DBV, CAR/PDMS, DBV/CAR/PDMS and PA], used to examine their extraction efficiencies and compared for sensitivity beyond conditions that might affect the SPME procedure, such as temperature, concentration of ions and sample volume. This is the first report of volatiles in this food matrix.
Materials and Methods

Samples
Samples were purchased in local supermarkets. The experimental design for optimization of the analytical method was performed with samples of the tiger nut beverage of the same batch treated by ultra high temperature (UHT). Once the extraction conditions were established, eight UHT treated tiger nut beverage trademarks were analyzed. Also, a free additives commercial pasteurized sample was added to the study as a control. Table 1 describes the ingredients of the commercial tiger nut beverages analyzed in this study, in accordance with those specified on their labels. All solvent and analytical reagents were purchased by Sigma-Aldrich (St. Louis, MO, USA).
Isolation of Volatile Compounds
The volatile compounds of different commercial brands of tiger nut beverage were isolated using the technique of solid-phase microextraction (SPME), where the fiber was exposed in the confined space (headspace) between the sample and the vial (10 mL) fitted with a silicone septum. A magnetic spinner was used to keep samples under stirring during the extraction (700 rpm).
Selection of Fiber
Four different SPME fibers were tested: PDMS/DVB (polydimethylsiloxane/divinylbenzene, supelco, 65 μm × 10 mm), CAR/PDMS (carboxen/polydimethylsiloxane, supelco, 85 µm × 10 mm) polyacrylate (PA, supelco, 85 µm × 10 mm) and DVB/CAR/PDMS (divinylbenzene/carboxen/polydimethylsiloxane, supelco, 50/30 µm × 20 mm). Fibers were daily conditioned before use according to the manufacturer's instructions. In the preliminary selection, all the fibers were tested to select the one presenting the best capacity to extract "orxata" volatiles. In this step, all the fibers were exposed to the sample headspace under the following conditions: 4 mL of the sample, 10 min of equilibrium time, 60 min of extraction time and 40˚C of extraction temperature (conditions arbitrarily established by the authors in the choice-of-fiber step). All the fibers were tested in triplicate.
Multilevel Factorial Experimental Design
Once the most suitable fiber for the analysis was chosen, it was proceeded to study the optimum conditions to establish extraction in headspace volatiles of tiger nut beverages. An experimental design was conducted with three variables at two levels that could affect the extraction of volatile compounds. The variables tested were the sample volume used in the extraction (2 mL or 4 mL), the extraction temperature (40˚C or 60˚C) and the effect of increasing ionic strength of the medium by addition of NaCl in the sample until the saturation level (weight/volume). The extraction time of volatiles was set at 60 min by exposing the fiber in the headspace of the sample. In all experiments, the vial containing the sample plus 3 µL internal standard (4-methyl-2-pentanol in methanol) was previously maintained for 10 min at the same temperature as the extraction (equilibrium time), and continuously homogenized by stirring with a magnetic stirrer at 700 rpm. All extractions were analyzed in triplicate.
The choice of the parameters tested took into consideration the profile of volatile compounds, the number of peaks in the chromatogram, and especially the sum of the total area of the peaks.
GC-MS Analysis
Separation and identification of volatile compounds was performed using an Agilent 6890 gas chromatograph coupled to a 5975 MSD mass spectrometer (Agilent Technologies, Palo Alto, CA). A J&W HP-INNOWAX capillary column (60 m × 0.251 mm × 0.25 μm) with a bonded polyethylene glycol (PEG) high polarity stationary phase. The volatiles were desorbed in the injection port in splitless mode at 250˚C for 3 min, but the fiber was maintained in the injection port for a total of 15 min for cleaning. Helium was used as the carrier gas at a flow rate of 1 mL/min (25.641 cm/s). Initial column temperature was kept at 40˚C for 5 min, and then increased to 220˚C at 10˚C/min, and held for 10 min.
Characterization of Volatiles in Tiger Nut Beverages
Tentative identification of volatile compounds was achieved by comparing their mass spectra with those of mass spectra libraries [10] . Additionally, C 8 through C 20 aliphatic hydrocarbon standards dissolved in methanol (Sigma-Aldrich, St. Louis, MO, USA) and C 9 through C 36 in ethylene chloride (RESTEK, Ballefonte, PA, USA) were used to calculate linear retention indexes, which were compared with those reported in the literature. Available chemical standards were used to confirm volatiles identification. The results were expressed as micrograms of 4 methyl-2-pentanol/mL of tiger nut beverage. Areas above the detection limit (LOD) determined by measuring the average noise and standard deviation value, was considered after analyzed 10 blanks (calibration matrix). Average noise plus 3 times standard deviation were used respectively for LOD.
Statistical Analysis
A multivariate analysis was applied using R statistical software [11] for the analysis of the experimental data for fiber selection. The significance of the factors studied in the experimental design and the optimum values for each factor (volume, NaCl, temperature) were established by means analysis of variance (ANOVA), as well as multiple comparisons, using the Tukey's HSD test. The software Statistica v. 7 (Statsoft Inc., Tulsa, OK, USA) was used. Results were considered significant at p-value < 0.05.
Results and Discussion
Selection of Fiber
An effective SPME method strongly depends on the fiber used. Volatile compounds were extracted with different fibers, tentatively identified by their mass spectrum and classified according to their functional groups. The sums of the mass spectrometer detector response (peak areas) for the volatile compounds identified were used to study the extraction efficiency of each fiber.
Fiber coatings often consist of two or three components, recovery capabilities of which are based on phenomena like absorption (PDMS) and adsorption (CAR/PDMS) [12] . Polyacrylate-coated fiber (PA) is used to extract very polar analytes from polar samples. DVB/PDMS, CAR/PDMS, and DVB/CAR/PDMS fibers are bipolar and extract compounds with different characteristics. The difference between CAR/PDMS and DVB/CAR/ PDMS fibers is that one of them contains divinyl benzene (DVB) while the other one does not. DVB is an aromatic non-polar phase that could be responsible for the extraction of a higher number of aromatics, alkanes, alkenes and terpenes [compounds with low molecular weight] via π-interactions. It is also suited for the analysis of semi-volatile compounds, and also serves, in conjunction with PDMS, as a sieve for bigger molecules in or- der to allow the smaller analytes to be adsorbed onto the CAR coating. Table 2 shows the total number of compounds per functional group extracted per fiber and the sum of peak areas per functional groups, respectively. Among the four fibers used in this study, PA and PDMS/DVB did not have a satisfactory performance for the analysis of volatile profile of tiger nut beverage. In general, PA extracted fewer compounds and had the lowest sum of peak areas compared to other fibers. The fiber that extracted the greatest number of compounds was DVB/CAR/PDMS, followed by CAR/PDMS and PDMS/DVB. The response (assessed by peak area per functional group) of the fiber DVB/CAR/PDMS was significantly different to the CAR/PDMS for most functional groups evaluated. DVB/CAR/PDMS fiber had a greater sum of peak areas for aldehydes, aromatic compounds, esters, alkanes, alkenes and terpenes. Overall, the DVB/CAR/PDMS fiber gave a good extraction of volatile compounds, showing good sensitivity and selectivity for the extraction of a wide range of compounds with different polarities and molecular weights. The intermediate polarity of DVB/ CAR/PDMS, associated with the mixed nature of this coating (existence of meso-macropores resulting from the rugosity of the liquid PDMS film associated with the solid pores of CAR and DVB), would probably explain its capacity to extract a greater number of volatiles as compared to the others [13] .
Optimization of Extraction Parameters
Factorial Design
To optimize the appropriate SPME extraction conditions we used the selected DVB/CAR/PDMS fiber and UHT-treated tiger nut beverage from one unique batch. The variables tested were salinity (NaCl), extraction temperature (Temp), and sample volume (Vol) by way of the factorial design described. The optimal extraction conditions were statistically established by analyzing the factorial design results for the sixty-four variables (volatile compounds). Table 3 shows that ~68% of the volatile compounds were statistically affected by the extraction temperature factor (p < 0.05). Most of these variables were statistically better extracted at a temperature of 60˚C. At 40˚C, compounds with high volatilities were easily transported to the headspace, but compounds with lower volatilities required a higher temperature. Heating provides the energy for the volatile analytes to overcome the energy barriers which bind them to the matrix, enhancing the mass transfer process and increases vapor pressure of the volatiles, making easier their release to the headspace [14] .
The sample volume had less effect on the overall extraction of compounds, only ~22% of compounds were statistically affected. However, for those variables that were statistically significant nearly all of them had a preference for the 2 mL volume. These results may be due to the higher responses of some compounds, such as benzaldehyde, that may prevent other less abundant volatiles from being extracted due to the competition of fiber sites. Furthermore, reverse diffusion from the fiber to the sample has been reported previously due to overloading of the fiber. Also it has been reported that if a sample volume is large and the extraction time is lengthened, desorption phenomenon could occur [15] . This could be the case for some compounds since our analysis was conducted for 60 min. Of all the variables identified, ~80% of them were affected by the addition of salt. Salts are often added to aqueous samples to increase the concentration of the aroma compounds in the vapor phase [16] . However, the majority (~56%) of the variables, which had some type of effect with the addition of salt in our design, did not show increased sensitivity with salt saturation.
Taking into account the results described, the best extraction conditions for commercial tiger nut beverages using a DVB/CAR/PDMS fiber were 2 mL of sample volume, without addition of NaCl and extraction temperature at 60˚C.
Volatile Compounds of Tiger Nut Milk
A total of 83 compounds, characterized by different functionality, were detected in the volatile fraction of tiger nut beverages, including 14 aldehydes, 14 alcohols, 8 ketones, 11 aromatic compounds, 7 esters, 4 furans, 6 alkanes/alkenes and 19 terpenes ( Table 4) . Among the detected compounds, 7 were present in all the analyzed tiger nut samples, namely ethanol, 1-nonanol, 4-vinyl-2-methoxy-phenol, alpha-pinene, sabinene, limonene and alpha-terpinolene ( Table 5 ). Among the 9 commercial samples analyzed, the pasteurized sample (OXT9) showed the fewest number of compounds identified in headspace. This result could be related to lack of ingredients such as flavourings or preservatives which comprise the production of all other samples analyzed ( Table 1) . Of the total volatile compounds detected, benzaldehyde and hexanal discriminated between UHT samples and pasteurized. The latter did not present these compounds. Our data corroborated with the work of Potineni and Peterson [17] which demonstrated that the thermal treatment level in the samples had a definite effect on the stability of benzaldehyde. These authors found more than 90% of the benzaldehyde oxidized in milk pasteurized samples, in contrast to UHT milk samples, where no degradation of benzaldehyde was observed over 6 days [17] .
According to literature, low levels of aldehydes and ketones are found in pasteurized sample, which shows that most of these compounds are formed during heat treatment. For that reason, their increase in UHT samples could be related to the increase in the severity of heat treatment [18] . In contrast, the highest level of 2-butanone was observed in pasteurized sample. In this case, similarly with 1-octanol, which was only detected in the pasteurized sample, their formation could be related to the metabolism of microbial activity [19] , suggesting that the lower heat treatment made with pasteurization could provide only a partial destruction of the microorganisms responsible for their formation.
Terpenes were the predominant functional group in all samples, whereas alpha-pinene, beta-pinene, alphaterpinolene and limonene were found in all of them. Limonene compound presented the most intense response of the entire volatile profile drawn in each of the samples analyzed, except for OXT8. It is difficult to comment on whether the relative level of this compound is in agreement with other studies since this is the first time that the volatile profile of tiger nut beverage has been described.
The compound 6-methyl-5-hepten-2-one was the ketone with the highest response, and it has been characte-
